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Abstract. Physics is the science that studies natural phenomena which observation is one of the 
most important aspect. Observations were made to study the physical phenomena and, if necessary, 
measurements can be made using appropriate, easily accessible as well as sophisticated devices. In 
this study, observation and measurement of a straight motion in a viscometer tube device has been 
developed. The device is also able to measure viscosity of the liquid (indirectly) using the falling 
ball method by means of Long Exposure technique. The viscosity of a liquid is essentialy related to 
drag force that caused by friction between the liquid molecules, which are able to resist fluid flow. 
Long Exposure is a technique of image acquisition which can preserve information about traces of 
objects moving at a certain time that might not be able to be captured with the naked eye. The falling 
ball method is based on a measurement of terminal velocity of the falling ball in a viscous liquid. In 
the experiments, lightmeter is a solid ball with varying sizes coated with phosphorus paint which 
was released from the surface of the liquid (glycerin and honey) inside a cylindrical tube. A camera 
with long exposure feature is placed in front of a perforated disk that serves as a chopper, which are 
essentially slits for the camera to capture the trajectory of the ball and convert the continuous trace 
into discrete traces. Using a simple digital image processing and digital image analysis techniques, 
the traces of the trajectory of the ball can be analyzed and thus we can obtain the data of the position 
for each time interval, thus the speed of the ball can be observed and the type of the motion can be 
analyzed (accelerated and motion with constant velocity). The calculated liquid viscosity is 0.7885 
Pa.s viscosity with error 6.55% for glycerin, and as for honey the viscosity is 3.9162 Pa.s with 
precision of 99.98%. It can be concluded that these devices can be used to observe the phenomenon 
of straight motion with constant velocity and accelerated motion in viscosity tube, determines the 
value of the viscosity of a liquid with a good accuracy and precision. 




Physics is the branch of science concerned with the structure of matter and the 
interactions between the fundamental constituents of the observable universe. In studying 
the phenomena or natural phenomena, it is necessary to do a series of scientific processes 
starting from observation, measurement, analysis until drawing conclusions (Noval, 2015). 
To be able to make observations and measurements properly, we need tools that can work 
with measurement methods that are suitable and easily accessible as well as sophisticated. 
Some measurement devices have been able to present various variables in one 
measurement. For example in determining the viscosity value of a fluid, there are several 
measurement methods that can be used to obtain the expected results. 
Fluid viscosity can be determined by various methods, including falling ball, rolling 
ball, capillary tube, concentric cylinder rotation (Couette), cone rotation of plates, parallel 
plates and Ford Cup (Walters and Jones, 1996). One of the most widely used methods is a 
falling ball, because the measurement technique is relatively easy to do. By knowing the 
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force of thickness (drag force) of the fluid used, the value of viscosity can be determined. 
In this method, the viscosity force is analyzed using Stokes' Law, where the quantities that 
affect it are the radius of the ball r, and the velocity of ball v relative to the fluid (Sears and 
Zemansky, 1982). 
In the falling ball method, the important part is measuring the fall time of the ball 
dropped on the fluid. The main difference in various developments for this falling ball 
method is how to measure the speed of a falling ball (Warsito et al, 2012). Budianto (2008) 
uses linear regression to determine the viscosity of liquid based on the data obtained. A 
simulation of the measurement of viscosity of the lubricating oil has also been carried out 
using a microcontroller AT89S51 by Mujiman (2008). In addition there are also those who 
use coil sensors as a timer detector which is then processed to obtain the value of viscosity 
(Suciati and Sartono, 2009). In further development, it has also been done by using a video 
camera method to record the falling ball process then the image is processed and obtained 
the speed of fall (Brizard et al, 2005), and also using an optocoupler sensor that was 
acquired with a serial communication system to get the speed of the ball, then processed to 
get the value of viscosity (Warsito et al, 2012). 
In measuring the speed of motion of a falling metal ball on a liquid in a tube, the 
interaction between the ball and the tube is very influential on the accuracy of the 
measurement results. The greater the diameter of the metal ball dropped into the tube 
containing water will tend to be forced to move away from the tube wall. This event is 
called the wall effect (Viswanath, 2007). The correction factor is then used by Brizard, 
Chusni, and Warsito in determining the value of fluid viscosity using the falling ball 
method. 
Fluid viscosity measurement of falling ball method which has been done by 
viscosimeter to find the speed of the ball. The use of two boundaries for the distance of the 
ball falling in the fluid has not been based on clear information whether the ball has moved 
uniform speed or uniform acceleration. This causes uncertainty in the results of 
measurements of the viscosity of the liquid. While measurements made by Brizard et al 
using a video, can show the path of the ball during is moved, but a visualization of the ball 
position every time during the move in the fluid is not displayed in detail. So we have not 
been able to determine directly the area where the ball has uniform speed and uniform 
acceleration. 
Based on this description, in this study developed a device for observing and 
measuring the viscosity of a liquid falling ball method using the Long Exposure technique. 
This technique utilizes a special way of recording images of a moving object, so that we 
can see the footprint and position of the ball when moving in liquid directly and can 
determine exactly where the two boundaries of the viscometer tube should be installed. 
From this image, position and time data can be obtained and then analyzed further. 
 
 
2. Research Methods 
 
In this study, the device made consists of several main parts that are used to acquire 
images. The device is composed of 1 simple electric motor chain, consisting of   3 batteries 
1,5 volts, 1 battery holder, 1 switch, 1 dynamo, 1 pipe clamp arranged on a Printed Circuit 
Board (PCB). 1 ligthmeter as an object made with an iron ball coated with green phosphor 
paint which will radiate its own light in the dark. 1 cylindrical tube with a diameter of 56.5 
mm, height 40.3 cm, and 1 android phone that has been equipped with a long exposure 
camera feature 2. This device is placed on a holder that has been equipped with a camera 
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buffer made using clamps C. The size of the seat is made larger than that of a simple electric 
motor circuit with the aim of being able to eliminate the vibrations caused by the dynamo 
while rotating. 
To produce discrete traces of lightmeter, the chopper is made of black acrylic material 
cut in a circle with a diameter of ± 28 cm and given 12 holes with a hole diameter of ± 1.5 
cm. the distance between holes is made equal to 30o. The chopper is mounted on the 
dynamo at the center of the circle so that the rotation is stable. The shape of the device is 
made as in Figure 1. 
 
Figure 1. Illustration of a device with a Long Exposure technique 
 
After the recording device and object are ready, complete the following steps: 
a. Prepare tools and materials needed to conduct experiments. 
b. The perforated Chopper is mounted on a dynamo series that has been given a holder. 
c. Cell phones (Android) that have been equipped with the Long Exposure Camera 2 
application are placed on the camera stand. 
d. Position the camera on the phone so that it is right in the middle of one of the holes on 
the chopper 
e. Rotate the chopper by turning on the dynamo, and make sure that the camera is in the 
center of the hole when the chopper rotates. 
f. Wait ± 5 minutes for the chopper rotation to stabilize 
g. While waiting, on the phosphor ball so that the light is actually absorbed by the ball. 
h. Put the phosphorus ball at the starting point on the surface of the liquid 
i. Release the phosphor ball, while doing the recording by pressing the capture button on 
the camera. 
j. Record the chopper spin as the phosphor ball moves using the Highspeed Camera. This 
recording is related to the time calibration to be performed. 
k. Repeat steps (7) to (9) for variations in the size of the different balls (use balls 1, 2, 3). 
l. Perform a calibration to change the track position of the phosphor ball in pixels to the 
unit length of the meter (meter). 
m. The position of the phosphor ball is detected by recording the pixel position of each 
point of light using the Matlab software. Position calibration process as in Figure III.9 
n. With the results of the recording done in step 10, the time of the phosphorus ball is 
determined by calculating the time interval between one point and another by 
calculating the chopper rotation period by counting the number of frames when the 
chopper moves one full turn then divided by the framerate from the camera then divided 










Edu Sciences J. Vol. 1, No. 2. July 2020, 108-117 
 
Received April 29th 2020, Revision June 01st 2020, Accepted for publication June 18th 2020. 
















Figure 2. Position and Time Calibration 
 
o. Using MS Excel software, make a table observing the position of time and then plot it 
into a graph. 
p. Linear data on the graph shows that the phosphor sphere is moving in a straight line or 
in other words has reached its maximum speed. With linear regression, a linear equation 




3. Results And Discussion  
a. Results 
 
After a series of data collection processes, an image of a moving phosphorus ball is 















Figure 3. Traces of phosphorus spheres in the form of dots of light (discrete) on 
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Figure 4. Traces of phosphorus balls in the form of dots of light (discrete) in honey; 
(d) ball 1 (e) ball 2 (f) ball 3 
 
Using the help of Matlab software, then by calculating the chopper rotation period as 
shown in Appendix H, position and time interval data for each variation in the number of 
chopped chopper can be obtained. After these data are plotted into a position and time 


























Figure 6. Graph of position versus time for ball 2 on glycerin 
(e) (d) (f) 
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Figure 10. Graph of position versus time for ball 3 in honey 
Based on the position and time interval of the graph in Figure 8-13, we can then 
determine the value of the terminal velocity which will then be used to determine the 
viscosity value of the liquid being passed by the ball. The linear region on the graph shows 
that the ball is moving at a constant speed. Therefore, to obtain the value of the terminal 






















Figure 12. Linear graph of position versus time for each ball in Honey 
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The image captured by the camera can be seen in Figures 6 and 7. Overall, it can be 
seen that the trace of the phosphor ball is in the form of dots of light (discrete), which arises, 
which shows the position of the phosphor ball at each time interval and has a pattern of 
motion. At first the phosphor ball moves accelerated with ever-increasing speed due to the 
influence of the acceleration of Earth's gravity, or it can be said that the phosphor ball 
moves straight to uniform acceleration (GLBB).  
A moment ago, after cover a certain distance, the gravity of the ball will be as great as 
the buoyancy, plus the frictional force of the liquid. As a result the phosphor ball moves at 
a constant speed or it can be said that the phosphor ball has been uniform speed (GLB). 
This fixed speed is called the final speed or terminal speed. This can be observed from the 
image display ie the distance between one point to another tends to be the same. This can 
be observed from the image display that is the distance between points tends to be the same. 
In addition to image capture, to determine uniform speed (GLB) and uniform 
acceleration (GLBB) more accurately, further analysis can be done to find out the position 
and time interval of the moving phosphor ball from being released until it stops. 
From the view of the image, it can be seen the area where the ball is still experiencing 
uniform acceleration (GLBB) in the glycerin liquid is ± 5.47 cm for ball 1, ± 6.01 cm for 
ball 2, and ± 6.55 cm for ball 3 from the initial point released. Whereas in honey liquid, the 
ball still experiences GLBB as far as ± 5, 88 cm for ball 1, ± 6.81 cm for ball 2, and ± 8.37 
cm for ball 3 from the initial point of release. After that, due to the balance of forces which 
works on the ball during the move, the ball will be having uniform speed (GLB) until the 
ball stops. 
By using linear regression from each graph, the terminal speed values are obtained as 
shown in and Table 1. 
 




v (m/s) Precision (%) 
Glycerin Honey Glycerin Honey 
1 Ball 1 0.758 0.133 99.59 99.98 
2 Ball 2 0.724 0.121 96.95 99.98 
3 Ball 3 0.543 0.106 97.30 99.95 
 
The viscosity value of a liquid can be determined after the terminal velocity of the ball 
is known by entering a correction factor between the diameter of the ball d and the diameter 
of the tube wall D. This correction becomes important because when a metal ball is dropped 
into a tube containing water, the ball will tend to be forced to move away from the tube 
wall, which resulted in turmoil from turbulence edge flow. The movement of the ball will 
screw up the fluid, and finally the ball's movement becomes irregular. The viscosity values 
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Table 2. Glycine viscosity values for each ball size 
No Ball size 
Ratio d/D ɳexp (Pa.s) ɳmeasured 
(Pa.s) 
Error (%) 
1 Ball 1 0.490813 3.2976 0.6179 26.76 
2 Ball 2 0.549823 4.3781 
 
0.6253 25.89 




Table 3 Value of honey viscosity for each ball size 
No Ball size Ratio d/D ɳexp (Pa.s) ɳmeasured (Pa.s) 
1 Bola 1 0.490813 18.2719 3.4238 
2 Bola 2 0.549823 25.4517 
 
3.6351 





The data in Table 1. shows that the greater the ball's size, the greater the time it takes 
for the ball to move in fluid, or in other words, the speed of the ball decreases. It can also 
be seen that for the speed of the ball in honey is smaller than glycerin, this corresponds to 
the viscosity level of the two liquids. From the data in Table 2 and Table 3 it can be seen 
that the larger ball size also results in better viscosity values. For glycerin, the best value 
obtained is close to the reference viscosity value of 0.8438 Pa.s d. An error value of 6.55% 
indicates a good level of accuracy. For honey, the error value cannot be calculated because 
the refference value of honey viscosity is very diverse. But with reference to accuracy in 
glycerin, it can be said that the honey viscosity value obtained has a good level of precision. 
Overall, these results indicate that the smaller the ratio between the diameter of the sphere 




The experimental results show that the long exposure technique can display discrete 
traces, so thatthe position and time of the moving phosphorus in the viscometer tube can 
be obtained. With the ratio between the diameter of the ball and the diameter of the tube is 
0.668, the best viscosity value obtained is close to the reference viscosity value, which is 
0.7885 Pa.s with an error of 6.55% for glycerin and the best viscosity value for honey is 
3.9162 Pa.s. Thus it can be concluded: 
a. Uniform speed (GLB) and uniform acceleration (GLBB) on tube viscosity falling ball 
method (falling ball) can be observed carefully using the long exposure technique. 
b. The viscosity value of a liquid can be measured with a good degree of accuracy and 
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